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tant predictor of mortality. 1) 2) The mechanisms of the development of HF are not simple, involving changes in LV chamber size and geometry, as well as hemodynamic changes leading to overall decreased cardiac pump performance. 3) About 20% of patients with acute MI developed decompensated remodeling and develop HF. 4) Angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) have been shown to benefit patients after acute MI. Inhibition of the renin-angiotensin-aldosterone system prevents both LV remodeling and the transition from a compensatory HF to decompensated state after MI. [5] [6] [7] In large-scale randomized trials, ARBs and ACE inhibitors were effective in suppressing cardiac events in MI patients with compromised LV function. 8)9) However, there are few long-term data on follow-up transthoracic echocardiography (TTE) in patients with ST-elevation myocardial infarction (STEMI) who received primary percutaneous coronary intervention (PCI) according to ARBs dose. The aim of this study was to evaluate and compare the mid-term changes in LV wall thickness, dimensions, cardiac function and viable myocardium by TTE in subjects to whom different doses of valsartan were administered.
M Me et th ho od ds s Patients
We prospectively studied 78 patients with STEMI among 136 patients consecutively referred to our catheterization laboratory for emergency PCI between April 2006 and February 2009. The study inclusion criteria were as follows: (1) confirmed STEMI, (2) successful primary PCI [defined as thrombolysis in myocardial infarction trial (TIMI) flow grade 3 and residual stenosis of the infarct-related artery (IRA) < 30%] performed within 90 minutes of door to balloon time or over 90 minutes of door to balloon time in patients with ongoing chest pain or dynamic ST change. (3) Informed consent to perform echocardiography at least at 2 prospectively defined points in time, (4) age > 18 years old. No upper age limit was used. Exclusion criteria were (1) IRA diameter stenosis < 70% with TIMI grade 3 flow or inability to identify IRA, (2) clinical signs of HF or cardiogenic shock, (3) significant other cardiac disease, (4) stroke within the last 3 months, (5) life-limiting noncardiac disease, and (6) contraindication to ARBs use. Of the 136 patients initially selected for the study, 20 (14.7%) did not adhere to follow-up TTE protocol, 10 (7.4%) were excluded for inadequate TTE image quality, and 26 (19.1%) were also excluded due to change of medication to other ARBs because of noncompliance and hypotension. Thus, 78 patients represented the final study group. The study design was shown in Fig. 1 . This study was approved by our Institutional Review Committee. The participants were informed of the investigative nature of the study and written informed consent was obtained before enrollment (UCMC06MM005).
Between April 2006 and February 2009
Inclusion crteria (1) Confirmed STEMI, (2) Successful primary PCI, and (3) Age > 18 years (no upper limit) 2, 4, 8, 24, 48, 72, and 96 weeks with the follow-up period concluding at 2 years. A routine clinical examination including chest X-ray, TTE and laboratory testing was performed at admission.
Serial TTE were performed in each patient with in 24 hours at 1, 3, 6, 12 and 24 months after STEMI 
Randomization and study treatment
Eligible patients were randomly assigned to either the lowdose valsartan group (40 or 80 mg once a day orally) or highdose valsartan group (160 or 320 mg once a day orally) with group assignments concealed. The study drug was initiated at a dose of 40 mg daily in the low-dose group, and 80 mg daily in the high-dose group for 2 weeks. The dose was then increased to 80 mg daily in the low-dose group and to 160 mg daily in the high-dose group for another 2 weeks. At the 4 th week, the dose was increased to 320 mg daily in the highdose group, and in the low-dose group the study drug dose was not changed. Upward adjustment of the dose of the study medication was required for all patients unless they presented with a blood pressure below 110/70 mmHg or symptomatic hypotension. If the patient could not tolerate a dose of 40 mg (low-dose group) or 160 mg (high-dose group) of the study drug within 2 months after enrollment, the study drug was withdrawn. PCI was performed according to current practice guidelines, and standard medication of STEMI was given to all enrolled patients.
Follow-up
Study visits were scheduled at 2, 4, 8, 24, 48, 72, and 96 weeks with the follow-up period concluding at 2 years. A routine clinical examination including chest X-ray, TTE and laboratory testing was performed at admission. Serial TTE were performed in each patient within 24 hours at 1, 3, 6, 12, and 24 months after STEMI with commercially available machines (GE VIVID 7, 2.4 MHz: GE Medical Systems, Milwaukee, WI, USA).
Transthoracic echocardiography (TTE)
2D images were obtained by use of standard views in the left lateral decubitus position. Images were captured in digital format into a cine loop display, and stored to Image-Arena 2.9 (Tomtec imaging systems, Unterschleissheim, Germany) for analysis. LV wall thickness, LV dimensions, fractional shortening, and wall motion score index (WMSI) were obtained in standard views. LV end-systolic and end-diastolic volumes were calculated with the modified biplane Simpson's method and if the two-chamber images were inadequate, a single-plane measurement was made in the apical fourchamber view. Ejection fraction (EF) was calculated from the LV end-systolic and end-diastolic volumes. Pulsed wave Doppler tissue images of the basal septum and lateral walls were acquired by placement of sample volumes at the mitral annulus after acquisition of the 2D images. Pulsed wave Doppler of mitral inflow was obtained in the apical four-chamber view. Regional wall motion was analyzed using the 16-segment model. Regional wall function was semiquantitated using a five-grade scoring system (1: normal, 2: mild to moderate hypokinesia, 3: severe hypokinesia, 4: akinesia, 5: dyskinesia). Improvement in injured myocardium was defined as increase in wall motion score of ≥ 1 grade in more than 2 injured myocardial segments at follow-up TTE. WMSI was derived as the sum of individual scores divided by the total number of segments analyzed. E/e' (average) was defined as the sum of E/e' (septal) and E/e' (lateral) divided by two. The follow-up TTE images were reviewed by 2 independent cardiologists to ascertain the improved wall motion and the parameters of TTE.
Statistical analysis
Continuous data are expressed as mean ± SD. Baseline data were compared by means of χ 2 test or Fisher's exact test for categorical variables and Mann-Whitney U test and Wilcoxon matched-pairs signed-rank test for continuous variables. Univariate and multivariate logistic regression analyses were performed to identify independent predictors of wall motion improvement. Statistical analyses were performed with the SAS statistical software version 9.1 (SAS Institute, Cary, NC, USA) for Windows. A value of p < 0.05 was considered statistically significant.
R Re es su ul lt ts s Baseline clinical characteristics
All 78 patients (male : female ratio = 74 : 4, mean age 57 ± 12 years) with STEMI undergoing primary PCI. Twenty nine patients (37%) had a history of hypertension, 16 patients (21%) had a history of diabetes mellitus, and 45 patients (58%) were smokers. The infarct-related arteries were: left anterior descending artery, 40 (51%): right coronary artery, 32 (41%); and left circumflex artery, 6 (8%). Forty three patients (55%) had 1 vessel disease, 25 patients (32%) had 2 vessel disease, and 10 patients (13%) had 3 vessel disease. Mean door to balloon time was 1.3 ± 0.9 hours.
Fifty-three patients (40 : 80 mg ratio = 8 : 45, mean dose 73.9 ± 14.5 mg) were enrolled to the low-dose group and 25 patients (160 : 320 mg ratio = 21 : 4, mean dose 176 ± 73.1 mg) to the high-dose group according to valsartan dose. The clinical characteristics of patients according to valsartan dose were shown in Table 1 .
The TTE findings between initial and final follow-up TTE Table 2 shows TTE findings between initial and final follow-up TTE. The mean TTE follow-up duration was 24 ± 8 months. WMSI and E/e' (average) decreased significantly at final follow-up (WMSI: 1.45 ± 0.30 vs. 1.33 ± 0.32, p < 0.01; E/e': 12.2 ± 5.2 vs. 10.1 ± 4.9, p < 0.01). Ejection fraction and deceleration time increased significantly at final
follow-up (ejection fraction: 52.7 ± 8.1% vs. 55.2 ± 8.4%, p < 0.01; 189 ± 56 ms vs. 222 ± 71 ms, p < 0.01). Table 3 shows the changes of TTE parameters according to valsartan dose. There were no significant difference in the changes of TTE parameters between the low-dose valsartan group and the high-dose valsartan group including WMSI (-0.12 ± 0.22 vs. Wall motion improvement in more than 2 segments of injured myocardium by ≥ 1 grade was identified in a significantly higher proportion in the high-dose valsartan group than the low-dose valsartan group [18/25 (72.0%) vs. 24/53 (43.7%), p = 0.03] (Fig. 2) . In multivariate regression analysis, EF was an independent TTE parameter for predictability of wall motion improvement of more than 2 segments of injured myocardium by ≥ 1 grade after valsartan treatment in patients with STEMI who underwent primary PCI [odd ratio: 1.078, 95% confidence interval: (1.008-1.154), p = 0.029] ( Table 4) . 
The changes of TTE parameters according to valsartan dose

D Di is sc cu us ss si io on n
In this study, high-dose valsartan treatment in patients with STEMI who received primary PCI led to more favorable improvement in regional wall motion abnormalities of the injured myocardium than low-dose valsartan treatment in midterm follow-up duration. However, it remains doubtful whether high-dose valsartan treatment will be superior to low-dose in preventing LV remodeling of injured myocardium.
A small study reported that antihypertensive treatment did not change LV mass, LV morphology. 10) Two large randomized clinical studies-the OPTIMAAL and VALIANT trials -have been performed to compare the usefulness of ACE inhibitors and ARBs for secondary prevention of MI. 8)9) Neither of the trials revealed any statistically significant differences in the incidence of death from HF between patients treated with ACE inhibitors and those treated with ARBs. In other words, ARBs were not inferior to ACE inhibitors in preventing LV remodeling. To elucidate favorable effects of high-or low-dose valsartan on preventing LV remodeling in patients with STEMI who underwent primary PCI, more long-term data are warranted. Meanwhile, Tani et al. 11) reported that use of losartan in patients with STEMI resulted in a higher LVEF at 6 months than baseline, which is in concordance with the results of our study. Results of large studies suggest that early treatment with ACE inhibitors is superior to late initiation and treatment with ACE inhibitors started within 24 hours of the onset of MI is ideal. 5)12)13) In contrast, in previous large-scale clinical studies on the effect of ARBs on MI, drugs were not administered during the very early stage after the onset of MI. ARBs were administered at a median of 3 days after the onset of MI in the OPTIMAAL and at mean 4.9 days after the onset of MI in the VALIANT study. As our study was designed to administer the ARB within 24-48 hours after PCI, there is a time difference in initiation of ACE inhibitors or ARBs between our results and previous large-scale studies. The difference of our results from the above studies might have resulted from this factor, but further investigations are required in larger multicenter trials in the future.
In the VALIANT sub-study that evaluated the TTE results, treatment in patients with MI and LV dysfunction with captopril (50 mg twice a day orally), valsartan (160 mg twice a day orally), or the combination of captopril (50 mg 3 times a day orally) plus valsartan (80 mg twice a day orally) resulted in similar changes in cardiac volume, ejection fraction, and infarct segment length between baseline and 20 months after MI. 14) This is partly in concordance with the results of our study, which show that there were no significant differences in change of cardiac volume, EF, WMSI, and diastolic function between groups who received low-or high-dose of valsartan. This result suggests that the efficacy of suppressing LV remodeling is equivalent between low and high dose of valsartan. There are several recent imaging studies addressing LV remodeling after acute MI. Rim et al. 15) reported that dobutamine stress echocardiography can be a useful tool for the prediction of LV remodeling after acute MI, and some experimental studies have suggested that inflammatory response is a key component of post-MI LV remodeling. [16] [17] [18] Monocyte chemoattractant protein-1 (MCP-1) is known to make a major contribution to the pathogenic role of inflammation in cardiovascular disease. The expression of MCP-1 in the myocardium increases during the early stage of MI 19)20) and deletion or inhibition of MCP-1 prevents early post-MI LV remodeling. 21)22) Kohno et al. 23) reported that In post-MI HF, ARBs attenuated MCP-1 expression and macrophage infiltration in the border zone, resulting in less myocardial fibrosis and ARBs may exert its beneficial effect, at least in part, by inhibiting myocardial macrophage-related inflammation. In the present study, administration of high-dose valsartan resulted in a higher frequency of patients with improved wall motion segments in the injured myocardium compared to low dose. This result suggests that higher-dose of ARBs may be needed to inhibit myocardial macrophage-related inflammation and prevent further tissue injury and fibrosis in the border zone myocardium more effectively. To explain these facts, further investigations are required. There are several limitations in the present study. First, the proportion of dropout was higher in the high-dose valsartan group than the low-dose valsartan group because of noncompliance or side effects such as hypotension. This may be comparable to the results of the VALIANT study, where the proportion of patients taking the target doses in valsartan group was 56% at the end of the study. 9) Second, in the present study, major cardiovascular events such as death, MI, target vessel revascularization, and stroke were not evaluated, according to valsartan dose, which may limit its value for clinical implication. Ejection fraction shows an independent transthoracic echocardiographic parameter for predictability of wall motion improvement of more than 2 segments of injured myocardium by ≥ 1 grade after valsartan treatment in subjects with ST-segment elevation myocardial infarction who underwent primary percutaneous coronary intervention
